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1
PIELZOELECTRIC ROTATOR

BACKGROUND OF THE INVENTION

This invention relates generally to rotational actuators
and, more particularly, to a rotational actuator that rotates an
object in a worm-like manner.

Inchworm linear motors are piezoelectromechanical
actuators that drive objects in a worm-like manner. An
example of an inchworm motor 1s shown m FIG. 1. The
driver or motor 10 typically includes three piezoelectric
driver sections referred to as the forward section 12, center
section 14, and rear section 16 with respect to the desired
direction of movement of a linear member 20 about which
the driver 10 1s arranged.

In operation, a voltage 1s applied to the forward section
12, causing it to clamp the linear member 20 with a pair of
orip members 22 attached to opposite ends of the forward
section 12. A variable rate staircase voltage 1s applied to the
center section 14 causing 1t to expand. The rear section 16
1s attached to a housing or a stationary member. Thus, the
expansion of the center section 14 drives the forward section
12 and the linear member 20 1n a forward direction. A
voltage 1s then applied to the rear section 16, causing it to
clamp the linear member 20 with a pair of grip members 24
attached to opposite ends of the rear section 16. The voltage
on the forward section 12 1s subsequently removed, loosen-
ing the grip of the forward section 12 on the linear member
20. The staircase voltage on the center section 14, its upper
limit having been reached prior to or substantially simulta-
neously with the application of the voltage to the rear section
16, then starts downward towards 1ts lower limait, causing the
center section 14 to contract to its original length. After the
center section 14 has contracted, a voltage 1s then applied to
the forward section 12, causing it to clamp the linear
member 20, and the sequence of steps outlined above are
repeated to move the linear member 20 forward 1n a worm-
like manner.

SUMMARY OF THE INVENTION

Embodiments of the present invention are directed to
rotational actuators or. rotators that move 1in a worm-like
manner in rotation. A rotator includes piezoelectric members
that are controlled to expand and contract in a predetermined
sequence to rotate one object relative to another object such
as a stationary support.

In accordance with an aspect of the present invention, a
rotator for rotating a ring comprises a first coupling member
which 1s adjustable 1n length to move between a coupled
position and a decoupled position. The first coupling mem-
ber has top and bottom coupling ends being coupled with the
ring 1n the coupled position and being decoupled from the
ring 1n the decoupled position. The rotator further comprises
a second coupling member which 1s adjustable 1n length to
move between a coupled position and a decoupled position.
The second coupling member has top and bottom coupling
ends being coupled with the ring 1n the coupled position and
being decoupled from the ring 1n the decoupled position. A
top advancing member 1s connected between the top cou-
pling end of the first coupling member and the top coupling
end of the second coupling member. The top advancing
member 1s adjustable 1n length to move one top coupling end
with respect to the other top coupling end. A bottom advanc-
ing member 1s connected between the bottom coupling end
of the first coupling member and the bottom coupling end of
the second coupling member. The bottom advancing mem-
ber 1s adjustable 1n length to move one bottom coupling end
with respect to the other bottom coupling end.
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In some embodiments, the coupling members and advanc-
Ing members are piezoelectric. A controller controls electri-
cal voltages supplied to each of the coupling members and
advancing members to adjust the lengths of the coupling
members and advancing members. The coupling members
may be attached to a stationary support.

In accordance with another aspect of the invention, a
rotator for rotating a ring comprises a first piezoelectric
coupling member which 1s adjustable 1n length to move
between a coupled position and a decoupled position. The
first coupling member has top and bottom coupling ends
pressing against an inner surface of the ring in the coupled
position and being spaced from the inner surface of the ring
in the decoupled position. The rotator further comprises a
second piezoelectric coupling member which 1s adjustable in
length to move between a coupled position and a decoupled
position. The second coupling member has top and bottom
coupling ends pressing against the mnner surface of the ring
in the coupled position and being spaced from the inner
surface of the ring 1n the decoupled position. A mechanism
1s coupled with the first and second piezoelectric coupling
members for moving one piezoelectric member with respect
to the other piezoelectric member 1n rotation with respect to
the ring.

In accordance with another aspect of the present
invention, a method of rotating an object comprises:

(a) coupling a first coupling member to the object and
decoupling a second coupling member from the object,
the first coupling member 1ncluding a top coupling end
and a bottom coupling end, the second coupling mem-
ber imncluding a top coupling end connected with the top
coupling end of the first coupling member by a top
advancing member, and a bottom coupling end con-
nected with the bottom coupling end of the first cou-
pling member by a bottom advancing member;

(b) adjusting a length of at least one of the advancing
members to-move the second coupling member relative
to the first coupling member 1n rotation with respect to
the object;

(c) coupling the second coupling member to the object
and decoupling the first coupling member from the
object; and

(d) adjusting the length of at least one of the advancing
members to move the first coupling member relative to
the second coupling member 1n rotation with respect to
the object.

In some embodiments, the lengths of the top and bottom
advancing members are increased in (b) to move the second
coupling member relative to the first coupling member 1n
rotation with respect to the object. The lengths of the top and
bottom advancing members are decreased in (d) to move the
first coupling member relative to the second coupling mem-
ber 1n rotation with respect to the object.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 15 a perspective view of a linear inchworm motor;

FIG. 2 1s a perspective view of a rotational inchworm
motor according to an embodiment the present invention;

FIGS. 3a-3g are elevational views of the rotational 1nch-
worm motor of FIG. 2 illustrating operation thereof 1n a
sequence of steps according to an embodiment of the present
mvention;

FIG. 4 shows the respective voltage waveforms generated
during the operation sequence of FIGS. 3a—3¢ according to
an embodiment of the invention; and
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FIG. 5 1s a perspective view of a rotational inchworm
motor according to another embodiment of the present
invention.

DESCRIPTION OF THE SPECIFIC
EMBODIMENTS

FIG. 2 shows a rotational driver or rotator 30 having a first
coupling member 32 and a second coupling member 36. The
first coupling member 32 includes a top coupling end 33 and
a bottom coupling end 35. The second coupling member 36
includes a top coupling end 37 and a bottom coupling end
39. The coupling members 32, 36 arc adjustable 1n length. In
specific embodiments, the coupling members 32, 36 arc
piezoelectric.

A top advancing member 42 1s connected between the top
coupling end 33 of the first coupling member 32 and the top
coupling end 37 of the second coupling member 36. A
bottom advancing member 44 1s connected between the
bottom coupling end 35 of the first coupling member 32 and
the bottom coupling end 39 of the second coupling member
36. The advancing members 42, 44 are adjustable 1n length.
In specific embodiments, the advancing members 42, 44 are
piezoelectric. The advancing members 42, 44 are typically
rotatably connected with the coupling members 32, 36 to
allow for expansion and contraction of the members.

As shown 1n FIG. 2, the rotator 30 1s used to rotate a ring,
60 relative to a stationary member or housing 62. In a
specific embodiment, the second coupling member 36 1is
attached to the stationary member 62. A controller 64 1s
provided to control the voltages supplied to the coupling
members 32, 36 and the advancing members 42, 44 1n a
predetermined manner to adjust their lengths 1n sequence
and produce the desired rotation.

FIGS. 3a—3g¢ 1illustrate the operation of the rotator 30. A
voltage 1s applied to the first coupling member 32, causing,
it to expand so that the top coupling end 33 and the bottom
coupling end 35 bear against the 1nner surface of the ring 60
in a coupled position, as shown in FIG. 3a. The second
coupling member 36 1s 1n a decoupled position. A voltage 1s
applied to the advancing member 42, 44 causing them to
expand, as seen 1n FIG. 3b. Because the second coupling
member 36 1s attached to the stationary member 62, the
expansion of the advancing member 42, 44 rotate the first
coupling member 32 and the ring 60 coupled therewith 1n the
clockwise direction 63.

In FIG. 3¢, a voltage 1s applied to the second coupling
member 36, causing 1t to expand so that the top coupling end
37 and the bottom coupling end 39 bear against the inner
surface of the ring 60 1n a coupled position. The voltage on
the first coupling member 32 1s removed to decouple the first
coupling member 32 from the ring 60 1n a decoupled
position, as seen 1n FIG. 3d. The voltage on the advancing,
members 42, 44 are also removed, causing the advancing
members 42, 44 to confract to their original lengths, as
shown 1n FIG. 3e. After the advancing members 42, 44 have
contracted, a voltage 1s then applied to the first coupling
member 32, causing 1t expand so that the top coupling end
33 and the bottom coupling end 35 bear against the inner
surface of the ring 60 1n a coupled position, as seen 1n FIG.
3f. The voltage on the second coupling member 36 1s
removed, causing 1t to contract and decouple from the ring
60, as shown m FIG. 3g. The sequence of steps outlined 1n
FIGS. 3a—3g are repeated to rotate the ring 60 1n the
clockwise direction relative to the stationary member 62 1n
a worm-like manner.

FIG. 4 shows an example of the respective voltage
waveforms generated during the operation sequence of
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FIGS. 3a-3¢g. Step voltage wavetorms 72, 74 are used for
the first and second coupling members 32, 36. A staircase
voltage wavetorm 76 1s applied to the advancing members
42, 44. Prior to application of the voltages, the coupling
members 32, 36 are not coupled with the ring 60.

At time t;, a voltage 1s applied to the first coupling
member 32 according to the waveform 72 to couple the first
coupling member 32 with the ring 60 (FIG. 3a). Also at time
t,, a voltage having a rising staircase waveform 76 1s applied
to the advancing members 42, 44 causing them to extend in

length (FIG. 3b).

At time t,, the voltage 76 applied to the advancing
members 42, 44 reaches the upper limit, and a voltage 1s
applied to the second coupling member 36 according to the
waveform 74 to couple the second coupling member 36 with
the ring 60 (FIG. 3c¢). At about the same time, the voltage to
the first coupling member 32 1s removed to decouple 1t from
the ring 60 (FIG. 3d). The staircase waveform 76 reverses
direction, causing contraction of the advancing members 42,
44 (FIG. 3¢). It should be noted that the decoupling of the
first coupling member 32 may occur shortly before or
shortly after the coupling of the second coupling member 36
with the ring 60 and the contraction of the advancing
members 42, 44. It may be desirable 1n some embodiments
to decouple the first coupling member 32 from the ring 60
prior to coupling of the second coupling member 36 with the
ring 60 to avoid unnecessary generation of stresses in the

rotator 30. In that case, the rotator 30 changes position from
FIG. 3b to FIG. 3d bypassing FIG. 3c.

At time t,, the voltage 76 applied to the advancing
members 42, 44 reaches the lower limit, and the voltage
(waveform 74) applied to the second coupling member 36 is
removed to decouple it from the ring 60 (FIG. 3g). The
advancing members 42, 44 then expands on the rising slope
of the voltage waveform 74. At time t,, the voltage
(waveform 72) is applied to the first coupling member 32 to
couple the first coupling member 32 with the ring 60 (FIG.
3f). Again, the decoupling of the second coupling member
36 may occur shortly before or shortly after the coupling of
the first coupling member 32 with the ring 60 and the
expansion of the advancing members 42, 44. If the decou-
pling of the second coupling member 36 occurs before the
coupling of the first coupling member 32, the rotator 30 will
change position from FIG. 3¢ to FIG. 3g bypassing FIG. 3f.

FIG. 5 illustrates another rotator 80 including a forward
section 82, center section 84, and rear section 86 with
respect to the desired direction of movement of a ring
member 90 about which the rotator 80 i1s arranged.

In operation, a voltage 1s applied to the forward section
82, causing it to clamp the linear member 90 with a pair of
orip members 92 attached to opposite ends of the forward
section 82. A variable rate staircase voltage 1s applied to the
center section 84 causing it to expand. The rear section 86
1s attached to a housing or a stationary member. Thus, the
expansion of the center section 84 drives the forward section
82 and the ring 90 1n a forward direction. A voltage 1s then
applied to the rear section 86, causing it to clamp the ring 90
with a pair of grip members 94 attached to opposite ends of
the rear section 86. The voltage on the forward section 82 1s
removed, loosening the grip of the forward section 82 on the
ring 90. The staircase voltage on the center section 84, its
upper limit having been reached prior to or substantially
simultaneous with the application of the voltage to the rear
section 86, then starts downward towards 1ts lower limait,
causing the center section 84 to contract to 1ts original
length. After the center section 84 has contracted, a voltage
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1s then applied to the forward section 82, causing it to clamp
the ring 90, and the sequence of steps outlined above are
repeated to move the ring 90 forward 1n a worm-like manner.

The above-described arrangements of apparatus and
methods are merely 1llustrative of applications of the prin-
ciples of this mvention and many other embodiments and
modifications may be made without departing from the spirit
and scope of the invention as defined 1n the claims. For
example, the ring may be replaced by another object having
a different shape which 1s to be rotated. For the embodiment
of FIG. 2, the rotation may be effected by adjusting the

length of one or both of the advancing members. The
coupling members may have equal or different original
lengths prior to expansion; the advancing members may
have equal or different original lengths prior to expansion.
Moreover, the piezoelectric members may be replaced by
other types of members that change in length due to
mechanical energy, thermal energy, or the like. The scope of
the 1vention should, therefore, be determined not with
reference to the above description, but mstead should be
determined with reference to the appended claims along
with their fall scope of equivalents.

What 1s claimed 1s:

1. A rotator for rotating a ring comprising:

a first coupling member which 1s adjustable 1n length to
move between a coupled position and a decoupled
position, the first coupling member having top and
bottom coupling ends being coupled with the ring 1n the
coupled position and being decoupled from the ring in
the decoupled position;

a second coupling member which 1s adjustable 1n length
to move between a coupled position and a decoupled
position, the second coupling member having top and
bottom coupling ends being coupled with the ring 1n the
coupled position and being decoupled from the ring 1n
the decoupled position;

a top advancing member connected between the top
coupling end of the first coupling member and the top
coupling end of the second coupling member, the top
advancing member being adjustable 1n length to move
onc top coupling end with respect to the other top
coupling end; and

a bottom advancing member connected between the bot-
tom coupling end of the first coupling member and the
bottom coupling end of the second coupling member,

the bottom advancing member being adjustable 1n

length to move one bottom coupling end with respect to
the other bottom coupling end.

2. The rotator of claim 1 wherein the coupling members
and advancing members are piezoelectric.

3. The rotator of claim 2 further comprising a controller
controlling electrical voltages supplied to each of the cou-
pling members and advancing members to adjust the lengths
of the coupling members and advancing members.

4. The rotator of claim 3 wherein the controller 1s con-
figured to rotate the coupling members relative to the ring by
(a) moving the first coupling member to the coupled position
and the second coupling member to the decoupled position;
(b) adjusting the length of at least one of the advancing
members to move the second coupling member relative to
the first coupling member 1n rotation with respect to the ring;
(¢) moving the first coupling member to the decoupled
position and the second coupling member to the coupled
position; and (d) adjusting the length of at least one of the
advancing members to move the first coupling member
relative to the second coupling member in rotation with
respect to the ring.
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5. The rotator of claim 4 wherein the lengths of the top
and bottom advancing members are increased in (b) to move
the second coupling member relative to the first coupling
member 1n rotation with respect to the ring.

6. The rotator of claim 4 wherein the lengths of the top
and bottom advancing members are decreased in (d) to move
the first coupling member relative to the second coupling
member 1n rotation with respect to the ring.

7. The rotator of claim 1 wherein each of the first and
second coupling members 1s coupled to the ring in the
coupled position by increasing 1n length to press the top and
bottom coupling ends against an inner surface of the ring.

8. The rotator of claim 1 wherein one of the coupling
members 1s attached to a stationary support.

9. A rotator for rotating a ring comprising;

a first piezoelectric coupling member which 1s adjustable
in length to move between a coupled position and a
decoupled position, the first coupling member having
top and bottom coupling ends pressing against an inner
surface of the ring 1n the coupled position and being
spaced from the inner surface of the ring in the
decoupled position;

a second piezoelectric coupling member which 1s adjust-
able 1n length to move between a coupled position and
a decoupled position, the second coupling member
having top and bottom coupling ends pressing against
the inner surface of the ring in the coupled position and
being spaced from the 1nner surface of the ring in the
decoupled position;

means, coupled with the first and second piezoelectric
coupling members, for moving one piezoelectric mem-
ber with respect to the other piezoelectric member 1n
rotation with respect to the ring.

10. The rotator of claim 9 wherein the means comprises
first means, coupled with the top coupling end of the first
coupling member and the top coupling end of the second
coupling member, for moving one top coupling end with
respect to the other top coupling end.

11. The rotator of claim 10 wherein the means comprises
second means, coupled with the bottom coupling end of the
first coupling member and the bottom coupling end of the
second coupling member, for moving one bottom coupling
end with respect to the other bottom coupling end.

12. The rotator of claim 10 further comprising control
means for controlling at least one of the first means to move
the top coupling end and the second means to move the
bottom coupling end, with one of the coupling members
being coupled with the ring 1n the coupled position and the
other of the coupling members being decoupled from the
ring 1n the decoupled position.

13. A method of rotating an object, the method compris-
ng:

(a) coupling a first coupling member to the object and
decoupling a second coupling member from the object,
the first coupling member including a top coupling end
and a bottom coupling end, the second coupling mem-
ber including a top coupling end connected with the top
coupling end of the first coupling member by a top
advancing member, and a bottom coupling end con-
nected with the bottom coupling end of the first cou-
pling member by a bottom advancing member;

(b) adjusting a length of at least one of the advancing
members to move the second coupling member relative
to the first coupling member 1n rotation with respect to
the object;

(c) coupling the second coupling member to the object
and decoupling the first coupling member from the
object; and
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(d) adjusting the length of at least one of the advancing
members to move the first coupling member relative to
the second coupling member 1n rotation with respect to
the object.

14. The method of claim 13 wherein the object 1s a ring,
and wherein the first coupling member 1s coupled to the ring
by pressing the top coupling end and the bottom coupling,
end of the first coupling member to an 1nner surface of the
ring.

15. The method of claim 13 wherein the object 1s a ring,
and wherein the second coupling member 1s coupled to the
ring by pressing the top coupling end and the bottom
coupling end of the second coupling member to an 1nner
surface of the ring.

16. The method of claim 13 wherein the coupling mem-
bers are piezoelectric.
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17. The method of claim 13 wherein the advancing
members are piezoelectric.

18. The method of claim 13 wherein the lengths of the top
and bottom advancing members are increased in (b) to move
the second coupling member relative to the first coupling
member 1n rotation with respect to the object.

19. The method of claim 13 wherein the lengths of the top
and bottom advancing members are decreased in (d) to move
the first coupling member relative to the second coupling
member 1n rotation with respect to the object.

20. The method of claim 13 further comprising attaching
one of the coupling members to a stationary support.
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